



Silicon carbide (SiC) fiber reinforced SiC matrix 
composite (SiC/SiC composite) has been developed as a 
candidate structural material for an advanced fusion reactor 
blanket. Since the fusion reactor structural material must 
support dynamic loads induced by thermal and 
electromagnetic stresses, the fatigue properties of the 
SiC/SiC composite should be clarified. Because the damage 
formation process under the mechanical loadings of the 
SiC/SiC composite is significantly complicated, the 
definition of the fatigue life and the prediction method of it 
have not been established. The objective of this work is to 
clarify the fatigue damage formation and growth processes 
of the SiC/SiC composites.  
 
2. Experimental 
Material used in this work was SiC/SiC composite 
fabricated by a chemical vapor infiltration (CVI) process. 
The reinforced fiber of this composite was Tyranno SA 3rd. 
The interface between the matrix and fiber was SiC/C 
multilayer. The small round-bar specimen with test section 
diameter of 1.7 mm and test section length of 3.4 mm was 
examined. The end-connection of this specimen was a 
modified button head type. By using this type of 
end-connection, it is relatively easy to reduce bend strain 
applied to the specimen caused by the gap between the 
positions of both up and down bodies of fixture. As a 
consequence, probability of the buckling could be reduced. 
Fatigue tests up to about 105 cycles were carried out 
at room temperature in air under axial strain control using an 
electromotive testing machine with a 1 kN load cell 
fabricated by Kobe Material Testing Laboratory, Japan. A 
completely reversed tension-compression (TC) loading 
condition (R = −1), the tension-tension (TT) loading 
condition (R = 0.14), and the compression-compression 
(CC) loading condition (R = −7) were applied and the total 
strain range was controlled using a triangular wave with an 
axial strain rate of 0.01%/s. The axial strain was measured 
using an extensometer with gauge length of 2 mm, which 
was attached directly to the specimen. The total strain range 
was 0.06%. The peak stress was below the proportional limit 
stress (PLS) in all the test conditions. The fatigue tests were 
stopped at about 105 cycles before any visible fracture and 
failure of the specimens. After the fatigue test up to about 
105 cycles, the cracks of the specimen surface were observed 
using a scanning electron microscope (SEM). 
 
3. Results 
The fatigue tests of SiC/SiC composite under all the 
test conditions were successfully performed. It was clarified 
that the fatigue test method using the small round-bar 
specimen and the test equipment of this work was suitable 
for the completely reversed tension-compression test of the 
SiC/SiC composite. Relatively smooth hysteresis curves and 
the change in peak stresses were obtained throughout the 
fatigue test. The slight change in the average stress occurred 
during the fatigue test exceeding 104 cycles. This might be 
due to the slippage of the extensometer during the fatigue 
test. This technical issue would be solved by optimizing the 
condition to fix the extensometer. 
Though the fatigue tests were performed below the 
PLS, several open cracks were observed at the specimen 
surface regardless of the test conditions. The schematic 
illustration of the crack initiation sites and the typical cracks 
of the specimen surface under the CC loading condition are 
shown in Fig. 1 and Fig. 2, respectively. Based on the SEM 
observation, surface crack initiation occurred at 8 sites. As 
shown in Fig. 2, crack initiation from the pore, which was 
created during the CVI fabrication process, was observed 
especially under the CC loading condition. This might 
indicate that the possibility of the crack initiation from the 
stress concentration region of the edge of the pore was 
relatively high under the CC loading condition. Therefore, 
the systematic investigation of the effect of the loading 
condition and the pore will be carried out in 2014. 
 
Fig. 1 Schematic illustration of the crack initiation sites 
Fig. 2 Typical SEM observation of the surface crack of 
the SiC/SiC composite under the CC loading condition 
Tungsten (W) nano-structures, so called fuzz, induced 
by He plasma exposure, have been observed in linear 
plasma devices 1-2) and in a tokamak environment of Alcator 
C-Mod 3). Recently, its formation and growth conditions 
have been identified, and both positive and negative aspects 
of fuzz as a plasma-facing surface have been revealed. To 
investigate the formation process, post-mortem transmission 
electron microscope (TEM) observations with focused ion 
beam milling were previously performed 4). That study 
claimed that both helium bubbles and high surface 
temperature were necessary for fuzz to grow. In this study, 
in-situ TEM observations during He+ ion irradiation and 
annealing are conducted to examine the formation 
mechanisms of fuzz in more detail.
In-situ observations were carried out with a TEM 
(JEOL-JEM2010) equipped with a low energy ion gun. For 
sample annealing in the TEM, a furnace type sample holder 
with a temperature control function, Gatan-model 628, was 
used. The microstructural evolution during the annealing 
and/or the irradiation was recorded continuously with a 
video recording system. The samples were irradiated with 3 
keV He+ ions of the flux of the order of 1017 He+ m-2s-1 at a 
constant temperature from R.T. to 1273 K. In addition to the 
constant temperature irradiations, three patterns of 
irradiations with a temperature change from 1273K to 
1473K were also carried out.
Fig. 1 shows the microstructural evolution of W under 
the 3 keV-He+ irradiation at constant temperature from R.T. 
to 1273 K. With increasing the helium fluence, more helium 
bubbles tends to form at all the irradiation temperatures. The 
bubbles begin to be observed at lower fluence with 
increasing the irradiation temperature. This seems to be due 
to the easier nucleation by a higher mobility of vacancies 
and/or helium-vacancy complexes at higher temperatures.
Despite the rapid growth of helium bubbles for the 
irradiation at 1273 K, a remarkable change in the surface 
structure on the sample edge was not observed (see figure 2
(a)). It is, therefore, concluded that fuzzy structures are not 
formed below 1273 K within the fluence range up to 1x1021
m-2. For the samples irradiated at higher temperature above 
1273K, which corresponds approximately to the re-
crystallization temperature of pure-W, surface morphology 
changes were clearly observed with the in-situ TEM. Fig. 2
displays the microstructural evolution of the edge parts of W 
samples under the three different irradiation conditions 
above 1273 K. As shown in fig. 2 (a), fuzzy structures 
appeared at 1473 K under the continuous irradiation. At this 
temperature, even relatively large bubbles have a 
sufficiently high mobility and reach the sample surface, 
leaving a number of fissures and holes as traces. These holes 
grow and eventually form the fuzzy structures. It should be 
noted that, in addition to the coalescence of adjacent holes, 
the expansion of individual holes was observed.
Interestingly, the similar fuzzy structures were also formed 
during the post-annealing (ion beam off) at 1473 K after the 
pre-irradiation at 1273 K, and even during a simple 
annealing at 1473 K with no irradiation, as shown in figure 
2 (b) and (c).
These findings demonstrate that fuzzy structures can 
be formed at a very thin part even without helium bubbles, 
if the sample temperature is high enough. This structural 
change is probably caused by surface diffusion of W atoms 
driven by surface tension. Helium irradiation seems to 
enhance this change by activating surface diffusion and by 
forming a very thin area with helium bubbles. Since there is 
no thin part in bulk W unlike the samples used in this study, 
helium bubbles, which can make very thin parts, are thought 
to be necessary for the initiation of fuzz formation in bulk 
W.
Fig. 1. The microstructural evolution of W under the 3 
keV-He+ irradiation at constant temperatures
Fig. 2. The microstructural evolution of the edge parts of 
W under the three different irradiation conditions
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